The negative differential conductivity and electric instabilities are found to appear in type-II InAs/AlSb superlattices. The origin of the nonlinear effects is discussed.
Introduction
In recent years, much attention has been focused on studies of InAs-based type-II heterostructures due to a high conduction band offset and a small electron effective mass of 0.023m 0 in InAs. The studies have been performed mainly on InAs/AlSb structures aimed for mid-IR (see, e.g., [1] and references within) and THz [2] photodetectors, quantum cascade lasers operating in the spectral range of 2.3 to 5 µm (e.g., [3] ) and, recently, fast hot--electron transistors [4] . Transport properties of superlattices (mainly GaAs-based SLs) have been investigated in detail in connection with expected Bloch wave amplification. It was found that negative differential conductivity (NDC) causes the formation of electric domains, which makes it difficult to observe the Bloch oscillations. InAs--based SLs are also very attractive for studies of these nonlinear phenomena. In this report we present studies of vertical transport in InAs/AlSb SLs.
Experimental
The InAs/AlSb SL samples have been grown on InAs substrate by molecular beam epitaxy at Montpellier University. The SL consists of 85 periods of 4 nm InAs/2 nm AlSb between n + top contact layer of InAs Si (n = 1 × 10 19 cm −3 ) and n + InAs Si substrate (n = 2 × 10 18 cm −3 ). The Si doping level of SLs was (1 ÷ 2) × 10 17 cm −3 . The structures have been processed by means of standard wet etching techniques as well as classical lithography. The last step was a metal (gold) deposition. Different mesa structures have been designed, with areas from 10 −3 to 10 −2 cm 2 . Voltage pulses of 0.2 to 10 µs duration were applied to the sample and the load resistance connected in series. The time dependences of voltages on the sample and load resistance were recorded. Microwave radiation from the samples was registered by means of either mw detector or thermistor heads. Figure 1 shows the current-voltage characteristics of a SL sample measured at the end of sufficiently long (several µs) voltage pulse when both voltage and current saturated. The region with NDC is clearly seen. Of course, the NDC is only imaginary because the domain formation should destroy the field uniformity. The arrow in Fig. 1 shows the current jump resulting from matched load resistance. The NDC is supposed to be due to the well-known Esaki-Tsu mechanism for mini- band transport in SLs. Kinetics of the sample voltage and current is presented in Fig. 2 for maximal applied voltage. It is rather complicated. The damped oscillations arisen at the time moments 0.48 and 0.77 µs are due to parasitic resonant circuits and indicate the appearance of NDC. Time averaging over the oscillations shows the jumps in the sample resistance. Two such kinks are seen in Fig. 2 . They are likely connected with field domain formation.
Results and discussion
The current evolution at different voltages is shown in Fig. 3 . The time positions of the current kinks move to the start simply due to increasing voltage with time; it is due to the Joule heating the sample during the pulse. The jumps (and the following parasitic oscillations) appear at the same instantaneous voltage. The kinetics of current and voltage at room temperature is presented in Fig. 4 ; it is of the same character.
Microwave radiation of 30 to 40 GHz for different samples was registered just at voltages of the current kinks. The frequencies correspond approximately to transit--time domain oscillations.
In summary, the studies of vertical transport in type-II InAs/AlSb superlattices reveal the appearance of NDC and field domains in this system.
